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In an epidemiological study undertaken on 23 farms where heartwater occurs endemically, it was found that 
on an overall average, antibodies to Cowdria ruminantium were detected in 64,3 % of the cattle, 6 adult 
Amblyomma hebraeum ticks were counted per animal and 7,0 % of ticks were infected with the heartwater agent. 
It was found that the seropositivity of the animals was determined largely by the tick loads to which they were 
subjected and that the influence of the tick C. ruminantium infection rate was Jess evident. 

There was no parallel between the prevalence of heartwater on the farms and the immune status of the 
animals. In general, higher tick counts were recorded in herds where strategic tick control is practised than on 
farms with a total tick control programme. The method of tick control did not, however, appear to influence the 
immune status of the cattle, the tick infection rate, or the prevalence of heartwater. 

INTRODUCfiON 

Since nymphal and adult stages of Amblyomma 
hebraeum are of cardinal importance in the transmission 
of heartwater (HW), their control plays a vital role in the 
epidemiology of the disease. Protagonists of total tick 
control on one hand maintain that a disease-free, or at 
least a minimal-disease situation, can be achieved by 
means of an intensive dipping programme aimed at tick 
eradication. Those in favour of strategic tick control, on 
the other hand, argue that tick eradication is not always 
feasible and warn that total tick control is bound to com­
promise the tick-mediated immunity of cattle and create 
susceptible herds. 

In an earlier investigation to determine whether the 
immune status of cattle can be related to the tick control 
practised (DuPlessis, 1982) it was found that there was 
no correlation between the number of cattle that were 
serologically positive to Cowdria ruminantium and the 
severity of the tick control to which they were subjected. 
In this study information regarding tick control, tick 
loads and the prevalence of heartwater was thought to be 
inadequate. It was decided to obtain a better knowledge 
of the role played by ticks in the epidemiology of the 
disease by making tick counts and determining C. rumi­
nantium mfection rates of ticks on selected farms where 
good management and record keeping would facilitate 
more accurate information. 

MATERIALS AND METHODS 

Selection of farms 
Twenty-three farms with closed herds were selected in 

HW endemic regions of the Transvaal and Natal. The 
selection was based on knowledge of the level of 
management on these farms and on the opinion that 
reliance could be placed on the information supplied by 
the owners. With the exception of 2 farms, herds where 
HW immunization was not practised, were selected. 

On each farm 15 4-6-month-old calves and 15 16- to 
18-month-old heifers or oxen were selected for the 
study. Four- to 6-month-old calves were selected 
because, on the one hand, they were old enough so that a 
positive indirect fluorescent antibody (IFA) test on their 
sera could be attributed to tick infection and not to 
passively transferred colostral antibodies (Du Plessis, 
1984). On the other hand it was argued that at this young 
a~e a positive serological test would more likely reflect a 
smgle tick infection than in older animals, and could 
therefore be correlated more accurately with the tick 
numbers at the time of collection. The older age group 
was included to compare their serology and tick numbers 
with that of the calves. 
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To ensure that the tick counts recorded would be a true 
reflection of the tick loads carried by the cattle subjected 
to the dipping programme practised on a particular farm, 
the visits were planned in such a way that the day on 
which the ticks were counted, and the samples collected 
coincided as closely as possible with the day on which 
the animals were due to be dipped in line wtth the dip­
ping programme in force on eacfi farm. 

It must be pointed out that this investigation was com­
pleted during the course of February 1983 in the midst of 
one of the worst droughts ever experienced in southern 
Africa. Although the a<lult stage of A. hebraeum reaches 
its peak at this time of the year (Londt, Horak & De 
Villers, 1979) the counts in all probability were much 
reduced. Since the same ~ conditions prevailed 
throughout the time and localihes of the investigation, 
the results should be comparable. 

As each animal was cast for the tick count, serum and 
adult A. hebraeum ticks were collected from the animals. 

Correlation between seropositivity and immunity 
Since the IFA test i~ hJghly specific for the det~tion 

of antibodies to C. ruminantium (Du Plessis & Malan, 
1987), it can be accepted that the seropositivity of unvac­
cinated cattle exposed to A. hebraeum in the field is due 
to infection throu¢1 the tick. In the context of the role 
played by the tick m the e,Pidemiology of HW, it is essen­
tial to determine the relatlonshii? between a positive sero­
logical reaction and the immumty of cattle. To ascertain 
whether seropositivity can be equated with resistance to 
challenge through the tick, the data obtained in two pre­
vious studies had to be taken into consideration in the 
present study. 

In one of these (Du Plessis, Bezuidenhout & LUde­
mann, 1984), 2 groups of cattle that had been immunized 
as calves were subsequently challenged artificially, the 
one after having been exposed to tick challenge and the 
other not. Equal numbers of unvaccinated control ani­
mals in each group were challenged at the same time and 
with the same challenge inoculum as the vaccinated ani­
mals. Serum antibody and conglutinin levels on the day 
of challenge were determined. The correlation between 
the serology of these animals, their conglutinin levels 
and their reactions to the challenge are relevant to the 
present study. 

The effect of repeated challenge on antibody detect­
able with the IF A test is another aspect of the correlation 
between serology and immunity that must be taken into 
consideration in the present study. Knowledge on this 
aspect was gained from the results of experiments pri­
marily conducted to study the role played by conglutmin 
in resistance to HW (Du Plessis, l985b). Twenty 8-
month-old HW-susceptible Bonsmara bull catves were 
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TABLE 1 Correlation between seropositivity and resistance to challenge 

No. of animals Age in months Tick 
challenge at 

Immunized Controls challenge 

9 - 6 
- 10 6 

Absent 10 - 12 
- 10 12 
10 - 24 
- 9 24 

10 - 6 
- 10 6 

Present lO - 12 
- 10 12 
9 - 24 

- 9 24 

Total 58 58 

1 5 (I) = One out of 5 animals had a conglutinin titre of l :640 or higher 

inoculated with C. ruininantium infected sheep's blood. 
They were challenged 124 days later and re-challenged 
at intervals between the first and the second challenge 
that varied from 94 days to 323 days. Their sera were 
submitted to the IFA test at monthly intervals after the 
first challenge, and to the conglutmin test when they 
were infected and at each challenge. The day of the 
second challenge was chosen so that the period that 
elapsed between the frrst negative IFA test at a serum 
dilution of 1:20 and the 2nd challenge varied from 3-7 
months. 

Serology 
The ratio of a.n.im.als serologically positive to C. rumi­

nantium, as an indication of the heartwater immune sta­
tus of the cattle on each farm (vide infra), was deter­
mined by subjecting the sera, diluted to 1:20, to the IFA 
test, as previously described and modified (Du Plessis, 
1982; 1985a). 

Tick counts 
The animals were cast and all the adult A. hebraeum 

males and females counted on the whole body of each of 
the 30 animals selected on a farm. To ascertain that the 
tick numbers recorded were a true reflection of the tick 
loads to which the animals were subjected, a second 
count was carried out on 7 of the farms at an interval 
after the frrst count which corresponded with the 
frequency of the dipping practised on the farm. 

C. ruminantium infection rate of ticks 
The ratio of ticks infected with the HW agent was 

determined for each farm according to the method 
described previously (DuPlessis, 1985a). 

Additional data supplied by stock owner 
The prevalence of HW was classified as low or mode­

rate according to the number of deaths recorded by the 
stock owner over the past 3-5 years. Accurate mortality 
records were available for 2 of the farms only, while 
estimates by the stock owners were recorded for the rest. 
Based on the mortality rates recorded on these 2 farms, 
the prevalence of the disease was classified as low on 
those farms where less than 1 % mortalities in relation to 
the number of cattle on a· farm had occurred and as 
moderate on those where more than 1 % mortalities had 
been recorded. 

The tick control on a particular farm was rated .. total" 
where weekly or fortnightly dippin~ was strictly practised 
throughout the year and "strategic 'where animals were 
dippcil only when some of the animals in the herd were 
seen to carry ticks. Some of the farms had switched from 
total to strategic control during the previous 12 months. 
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IFA positive IFA negative 

No. No. No. No. 
resistant susceptible resistant susceptible 

6 (0) 0 2 (0) l (0) 
0 0 7 (0) 3 (0) 
2 (0) 0 5 (I )1 3 (0) 
0 0 I (I) 9 (0) 
0 0 10 (9) 0 
0 0 6 (6) 3 (0) 

3 (0) 0 5 (0) 2 (0) 
7 (0) 0 2 (2) 1 (0) 
5 (3) 0 2 (2) 3 (0) 
3 (2) 0 2 (l) 5 (0) 
I (I) 0 8 (7) 0 
4 (4) 0 5 (5) 0 

31 (10) 0 55 (34) 30 (0) 

REsULTS 

Correlation between seropositivity and immunity 
It can be seen from Table 1 that every one of 31 out of 

116 cattle that tested serologically positive on the day 
when they were challenged, was resistant to the chal­
lenge, whereas only 30 out of 85 that were serologically 
negative were susceptible. The other 55 seronegative 
cattle were resistant to the challenge. It is important to 
note though that not a single seropositive animal reacted 
to the challenge. 

It should be noted that 34 out of the 55 seronegative 
resistant animals had conglutinin titres of 1 :640 or higher 
on the day of challenge, whereas none of the 30 sero­
negative susceptible and only 10 out of the 31 seroposi­
tive resistant animals had conglutinin levels of this 
magnitude. 

The resistance to challenge of 20 serologically posi­
tive year-old cattle that had been infected artificially 4 
months earlier (Table 2) lends further support to the fmd­
ing that cattle with detectable levels of antibodies to C. 
ruminantium are consistently immune. On the other 
hand, a second challenge carried out on these animals 
3-7 months after they had become seronegative, con­
frrmed the fmding reflected in Table 1 that serologically 
negative cattle are not necessarily susceptible, since they 
were all immune to the second challenge. The resistance 
of only some of these animals could be attributed to 
conglutinin, since only 9 of them had titres below 1:640. 

Two further observations that were made on these 20 
cattle also concern the significance of antibody levels 
detectable with the IFA test. First, it is evident from the 
IFA titres given in Table 2 that there was no dramatic 
rise in antibody levels when these animals were chal­
lenged the frrst time, and even less after they were chal­
lenged a second time. Secondly, although with one 
exception, antibody titres varying from 1 :20 to 1:1280 
were detectable in the serum of these animals 28 days 
after being challenged, they became seronegative within 
4-7 months thereafter. 

In the present study it can therefore be accepted that 
the seropositivity of the cattle on the 23 farms is a true 
reflection of therr immunity to HW acquired through the 
tick, i.e. that the serologically positive animals had been 
infected with the HW agent through the tick and would 
be immune to further challenge. It must be borne in mind 
that such animals become seronegative in the absence of 
re-infection and remain resistant to challenge for as long 
as 6 months after testing negative. 
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TABLE 4 Heartwater mortalities on farms 17 and 20 

Fann Year 
Age of cattle in months 

No. 

1977 
1978 
1979 

17 1980 
1981 
1982 
19831 

1984 

Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

20 1977 
1978 
1979 
1980 
1981 
1982 
19831 

1984 

Total 

1 Survey carried out in February 1983 
2 Average % for fann 

Serology on 23 farms 

<7 7-12 

1 2 
7 7 
5 5 

15 6 
4 6 
3 10 
4 8 
1 5 

40 49 

4 9 
6 3 

11 
7 21 
4 4 
6 
8 2 

2 
1 3 
2 4 
3 

11 20 
7 2 
6 3 

65 84 

The percentages of calves and older animals found to 
be serologically positive to C. ruminantium are given in 
Table 3. It can be seen that in the case of 11 herds (farms 
1, 2, 3, 4, 5, 7, 8, 11, 16, 18 and 22) a percentage 
seropositivity was recorded in the 4- to 6-month-old 
calves that was equal to or higher than that detected in 
the older animals. 

Tick counts 
The average number of ticks per animals per farm, 

calculated from the averages of the 2 age groups, varied 
from 0 to 32,5 (Table 3). An overall average of 6 ticks 
per animal was recorded on the 23 farms. With rare 
exceptions (farms 1, 2 and 15) the older animals carried 
many more ticks than the calves. On farms 1, 3, 6, 7, 13, 
16 and 22 where a second count was carried out, average 
counts of 16; 15,1; 6; 3,5; 1,7; 0,8 and 1,4 were 
recorded. Compared with the overall average for all the 
farms, which was used as the criterion in determining the 
relationship of the immune status of the herds to the tick 
counts, the differences between the 2 counts were insig­
nificant. 

C. ruminantium infection rate of ticks 
It can be seen from Table 3 that the infection rate 

varied from 1,6 to 30%. No ticks were found on the 30 
animals examined on farm 23 and in an effort to ascer­
tain whether the vector of HW did occur on this farm, 
additional animals were examined and one dead A. her­
braeum male was found on a bull. 

Onl}' 20 ticks were available for examination in the 
case of each of 4 farms (8, 9, 18 and 21) and they were 
all found to be negative. In the case of farms 6, 15, 20 
and 22 where the first 20 ticks examined were negative 
and sufficient numbers were available, additional 
batches of 10 were examined until a positive tick was 
identified. 
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Total %of herd 
13-24 >24 

1 4 0 ,5 
3 17 1,7 
2 1 13 1,2 
5 26 2,4 
4 14 1,3 
6 19 1,6 
4 16 1,4 
4 10 1,1 

29 1 119 1,-P 

5 18 1,0 
1 10 0,6 

14 25 1,6 
3 31 2,4 
8 1 17 1,2 
3 9 0,7 
7 1 18 1,3 

10 10 0,7 
13 1 16 1,3 
9 1 14 1,1 
7 1 14 1,3 
2 5 0,5 

19 3 53 5,1 
3 1 13 1,6 
1 2 12 2,0 

105 11 265 1,52 

Relationship between seropositivity, tick loads and tick 
infection rates 

Taking the seropositivity of the 4- to 6-month-old 
calves on each farm as an indication of the percentage of 
animals that acquired an immunity to C. ruminantium 
through the tick on each farm, the results given in Table 
3 suggest that this immunity is related to the number of 
ticks to which they were exposed. On all except one of 
the 12 farms where a seropositivity below 61,5 %(the 
average for the 4- to 6-month-old calves) was recorded, 
the average tick counts per farm were well below the 
overall avera~e of 6 ticks per animal recorded on all 23 
farms. The htghest tick counts (farms 1, 4, 5, 6, 8 and 
11) were all associated with seropositivity percentages 
above the average for the calves. There were, however, 
several farms (2, 3, 7, 9 and 10) on which low tick 
counts were associated with high percentages of seropo­
sitivity. 

The relationship between the C. ruminantium infec­
tion rate of the ticks and the calf percentage seropositiv­
ity on each farm is also shown in Table 3. Some of the 
highest percentages of seropositivity (farms 1, 2, 3, 4, 5, 
7 and 10) were associated with tick infection rates above 
the overall average of 7,0 % recorded in the study. With 
the exception of farms 17 and 19 a lower than average 
infection rate was recorded on all 13 farms (12-23) 
where the sero~sitivi~ was below the overall average 
of 61 ,5 %. A higher than average seropositivity on farms 
6, 8, 9 and 11 was accompanied by a tick infection rate 
below 7,0 %. 

Seropositivity, tick control and prevalence of heartwater 
The relationship between the seropositivity of the 

cattle, the type of tick control practised and the pre­
valence of HW are reflected in Tables 3 and 4. 

Out of the 10 farms where total tick control was prac­
tised, the seropositivity of the 4- to 6-month-old calves 
was below the average of 61,5 %on no less than 7 of 
them. On 3 further farms (17, 20 and 21) where sero­
positivity was low, tick control had been switched from 
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total to strategic as recently as 18 months prior to the 
survey. Although a high seropositivity was recorded on 3 
farms (3, 7 and 1 0) where total tick control was prac­
tised, these findin~s suggest that the low seropositivity 
on these 10 farms IS associated with the total tick control 
practised . . 

Accurate records of the number of deaths due to HW 
prior and subsequent to the investigation were available 
for farms 17 and 20 only and are shown in Table 4. The 
annual incidence was calculated as a percentage of the 
total number of deaths 'per number of cattle in the herd. It 
can be seen that the incidence varied from 0,5 to 5,1 % 
with an overall prevalence of 1 ,4 and 1 ,5 % respectively. 
In the case of both farms tlie dfsease was-much more pre­
valent in animals under a year old, markedly fewer 
deaths in cattle older than 2 years having been recorded. 
It is interesting to note that although both these farms had 
switched from a total to a strate~ic tick control pro­
gramme 18 months prior to the mvestigation, i.e. in 
1981, there was no noticeable decrease in the incidence 
of heartwater during the ensuing 3 years. 

There appears to be no correlation between the pre­
valence ofHW and any of the other parameters studied. 

Except' for the Friesland cattle on farm 1 where the 
heaviest tick load was recorded, none of the epidemio­
logical parameters studied appeared to be related to any 
particular breed of cattle. Although Brahman-cross cattle 
constituted almost 50 % of the herds in this study, they 
showed no particular tendency with regard to any of the 
features studied. 

The relatively low percentage seropositivity and tick 
infection rate on farm 15, one of the 2 farms where calf 
vaccination is practised, is noteworthy. 

DISCUSSION 

The detection of antibodies to C. ruminantium by 
means of the IF A test in the present study was used to 
determine the proportion of anJmals in each herd that had 
been infected through tic~s . The fmding in earlier 
experiments that without a single exception all 31 serolo­
gically positive cattle infected either artificially or 
throuclt the tick were fully resistant to challenge, JUsti­
fies tlie conclusion that seropositivity can be correlated 
with immunity. 

While all serologically positive cattle are immune to 
HW, all those that are serolo~ically negative are not 
necessarily susceptible, and resistance to either artificial 
or natural challenge does therefore not always correlate 
with the serolo~ical reaction. It has f.rev1ous1y been 
found (Du Plessis, 1982; Du Plessis eta . , 1984) and the 
results in the present study have confirmed that on the 
one hand sigmficant numbers of serologically negative 
cattle are resistant to artificial challenge and on the other 
that serologically positive cattle become seronesative 
from 6 months after both experimental and natural mfec­
tion. The percentages of seropositive animals on the 23 
farms are the~fore not J?ecessarily a true reflection of the 
actual proportion of arumals resistant to HW and more 
animals than those that were serologically positive would 
therefore have resisted future tick challenge. 

To obviate the disappearance of antibodies detectable 
with the IFA test after infection, calves youn~er than 6 
months were sampled and the presence of antibodies in 
their sera, rather than that of the older animals, taken as 
proof of infection through the tick. The data thus 
obtained were used to study the relationship between 
immunity and the other parameters. 

The sero_P?sit:lvity of the calves as an indication of the 
rate at whtch they had been infected through the tick 
appeared to be related to the numbers of ticks to which 
they had been exposed. On all except one of the 12 farms 

where a seropositivity below the average for this age­
group was recorded, tick counts were well below the 
average of all the animals examined. The hishest tick 
counts recorded during the study were all associated with 
seropositivity percentages above the average for the 
calves. There were a few exceptions t,o this rel~tionship, 
since there were several farms on whtch low tick counts 
were associated with high percentages of seropositivity. 

For two reasons the conclusion that the immunity of 
cattle to HW is largely determined by the numbers <?f 
Amblyomma ticks to which they are exposed, must at th1s 
stage be drawn with caution. First, only one count was 
made on the majority of the farms and although a second 
count on 7 of them revealed no significant differences 
with the first, additional counts on the calves at earlier 
intervals durins their lives might have given a more 
reliable indication of the tick loads to which they had 
been subjected. Second, only adult ticks we_re counte~ 
and since Amblyomma nymphae also transffilt C. rumz­
nantium, the numbers of ticlcs at this stage of develop­
ment should perhaps also have been taken into con­
sideration. It must, however, be pointed out that the 
contribution by nymphae to the seropositivity of the 
calves could only have been minimal compared to that of 
the adult ticks, smce the calves were not exposed to peak 
nymphal activity from the beginning of May until the 
end of September (Baker & Ducasse, 1967), whereas 
adult ticks were at their peak at the time when the counts 
were made. The single count and the omission of nym­
phae should not detract much from the conclusion that 
the tick numbers to whl't:h cattle are exposed play an 
important role in their immunity to HW. 
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The average of 7,0 % of .ticks. infected. with C. !umi­
nantium that was recorded m th1s study 1s only shghtly 
higher than the infection rate of 5 % reported in an earlier 
study (DuPlessis, 1985a), in which a portion o~th~ ticks 
examined in the present study were used. The t1ck mfec­
tion rate, believed to play,an important rQ.le in the epi­
demiology of HW (Uileilberg, 1983) ap~ars to have 
influenced the percentage of 4- to 6-mont~-old calves 
that were serologically positive. Some of th~ farms with 
the hi~hest percentages of seropositivity we¢ associated 
with tick infection rates above the 7,0 % an~ with only 2 
exceptions a lower than average infection rate was 
recorded on all 13 farms where the seroj)(i)sitivity was 
below the average of 61,5 %. This relationship was, 
however, not absolute since on 4 farms high seropositiv­
ity was associated with tick infection rarer below the 
average. 

It was found that the ty~ of tick control practised on 
the farms was reflected m the immune ~tatus of the 
herds, since low seropositivity was record~ on 10 of the 
farms where total tick control was practisetl and where 
below average numbers of ticks were counted. On all 
except 3 of these farms the prevalence of heartwater was 
moderate, whereas on the majority of the farms where 
strategic tick control was practised, the p~valence was 
low. While it can be concluded from this study that the 
tick load to which cattle are exposed is probably the most 
important single factor that determines the immune sta­
tus of a herd, it was not possible to obtain an indication 
of the approximate numt>er of ticks required to maintain 
herd immunity under a strategic tick control programme, 
a prerequisite if this type of control is to be 'dvocated. 

H the concept of enzootic stability, applipd to the epi­
demiology of babesiosis (Mahoney, 1977) were used in 
HW to indicate a stable situation m a herd where a high 
percentage of serologically positive apd therefore 
Immune animals is associated with no or very few HW 
mortalities, the findings in this study present a problem. 
On some of the farms a moderate prevalence ofHW was 
reported and on the rest only a mild prevalence, but this 



variation occurred across the entire spectrum of seroposi­
tivity. The disease was no less prevalent in some of the 
herds where 80-100 % of calves were serologically posi­
tive and on serveral farms where the seropositivity was 
60 %or less, the prevalence was low. This lack of corre­
spondence between disease and immunity was also 
observed on the 2 farms where accurate records of mor­
talities were available. Although 70 % of both the 
younger and older age group were serologically positive 
m the case of the one and only 20 % in the other, the 
disease prevalence on the farms was almost identical. 

It seems that in HW an enzootically stable situation is 
perha.Ps never reached. This is probably because more 
than JUSt one factor plays a role in the resistance of cattle 
to HW (Du Plessis, 1985b). The suckling-calf resist­
ance, which declines with advancing age and has nor­
mally disappeared by fr8 months of age, conglutinin 
which confers resistance in adulthood, and possibly even 
other factors are responsible for the non-specific compo­
nent of resistance. Specific immunity, acquired either 
artificially or through the tick, accounts for the specific 
component. The absence or low prevalence of HW mor­
talities and clinical cases on a particular farm would 
therefore be determined by the presence of one or more 
of these resistance factors. Depending on the breed and 
age of cattle involved and the proportion of the herd 
infected throu~ the tick, the level of resistance can vary 
considerably. This variation in conjunction with the fact 
that the percentage of animals positive to the IF A test 
only reflects the specific component of their resistance 
possibly explains the lack of correlation between sero­
positivtty and disease prevalence. 

This study entailed a considerable amount of work and 
much data was collected. The fact that few conclusions 
could be drawn with certainty, however, shows the com­
plexity of the factors involved in the epidemiology of 
HW and underlines the necessity of pinpointing the 
shortcomings in the design of the experiments. It would 
appear that the nymphal stage of Amblyomma should 
also be taken into account, not only as far as tick counts 
are concerned but their C. ruminantium infection rate 
should also be determined. Regular tick counts accom­
panied by serological monitoring over the course of 
several years in a single herd under good management 
will ensure a more complete picture. It would also facili­
tate accurate records of mortalities as well as clinical 
cases of HW. By assaying the conglutinin levels of the 
experimental antmals at regular intervals, the role of at 
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least one of the 2 non-specific resistance factors would 
be monitored enabling a more accurate assessment of the 
relationship between the immunity of the herd and the 
rate of C. ruminantium infection through the tick as 
shown by the IF A test. 

ACKNOWLEDGEMENTS 

The author wishes to express his appreciation to the 
following State Veterinarians for their collaboration and 
able assistance in the collection of the data and samples 
used in this study: Drs R. J. Bagnall (Hluhluwe), M. D. 
Ekron (Vryheid), P. E. L. G. Kloeck (Nelspruit), P. J . 
Loock (Louis Trichardt), E. E. Martin (Piet Retief) and 
H. E. van de Pypekamp (Rustenburg). 

REFERENCES 
BAKER, MAUREEN K. & DUCASSE, F. B. W. , 1967. Tick infestation 

of livestock in Natal. I. The predilection sites and seasonal variations 
of cattle ticks. Journal of the South African Veterinary Medical 
Association, 38,447-453. 

DuPLESSIS, J. L., 1982. The effect of intensive tick control on the 
immunity of cattle to heartwater. Proceedings o[l"!_er_national Con­
gress on Tick Biology and Control, Rhodes University, Grahams· 
town, 1981 47-52. 

Du PLESSIS, J. L., 1984. Colostrum-derived antibodies to Cowdria 
ruminantium in the serum of calves and lambs. Onderstepoon Jour­
nal of Veterinary Research, 51, 275--276. 

Du PLESSIS, J. L., 1985a. A method for detennining the Cowdria 
ruminantium infection rate of Amblyomma hebraeum: Effects in 
mice injected with tick homogenates . Onderstepoon Journal of Vet­
erinary Research, 52, 55--61. 

DuPLESSIS, J. L., 1985b. The natural resistance of cattle to artificial 
infection with Cowdria ruminantium: The role played by congluti­
nin. Onderstepoon Journal of Veterinary Research, 52, 273-277. 

DuPLESSIS, J. L. & MALAN, LETITIA, 1987. The application of the 
indirect fluorescent antibody test in research on heartwater. 
Onderstepoort Journal ofVeterinary Research, 54,319-325. 

Du PLESSIS, J. L., BFZUIDENHOUT, J. D. & LODEMANN, C. J. F., 
1984. The immunization of calves against heartwater: Subsequent 
immunity both in the absence and presence of natural tick challenge. 
Onderstepoon Journal of Veterinary Research, 51, 193-196. 

l.oNDT, J. G. H., HORAK, I. G. & DE VILLIERS, I. L., 1979. Parasites 
of domestic and wild animals in South Africa. XIII. The seasonal 
incidence of adult ticks (Acarina: Ixodidae) on cattle in the Northern 
Transvaal. Onderstepoon Journal of Veterinary Research, 46, 
31-39. 

MAHONEY, D. F. , 1977 Babesia of domestic animals. In: KREIER, 
J. P. (ed). Parasitic protozoa. Vol. IV, 1-52. 

UILENBERG, G., 1983. Heartwater (Cowdria ruminantium infection): 
Current status. Advances in Veterinary Science and Comparative 
Medicine, 27, 427-480. 


